There are reasons to suspect that dietary changes through adult life may modify risk for some cancers. We examined the association of recent and past dietary habits and changes in dietary intake over time with ovarian cancer risk. Long-term nutritional assessment was performed retrospectively in 631 incident cases of invasive epithelial ovarian cancer and in 1174 matched controls (matched by age 6 2 y, country of origin, and period of immigration) as part of a nationwide casecontrol study of ovarian cancer conducted between the years of 1994 and 1996 in Israel. Using a 2-step quantified Food Frequency Questionnaire, participants were first asked about their consumption of food items 1 y prior to the interview, and then whether their consumption had changed over time. The time of the change and consumption level before the change were recorded, allowing reconstruction of daily intakes for several time points. The reported mean percentage of animal fat intake decreased by 1.3% in cases but by 1.9% in controls (P for difference ¼ 0.003). Conditional multivariate logistic regression was used to estimate odds ratios adjusted for total energy, parity, and oral contraceptive use.
Introduction
Epidemiological studies have provided limited information regarding etiological risk factors for ovarian cancer. Ovarian cancer is a hormonally and reproductively related disease that is partially hereditary. The main hormonal factors are oral contraceptive use and a high number of births, both of which have a negative association with ovarian cancer risk. In Israel, 26% of ovarian cancer patients have been found to be carriers of a breast cancer-associated gene (BRCA) mutation (1) .
The maintenance of reproductive function is partly dependent upon nutrition and energy balance (2, 3) , and abnormalities in sexual maturation, menstrual cycles, and fertility are found to be related to overweight (4, 5) . Furthermore, ovarian cancer risk has been found to be positively associated with higher BMI in our study population (6) as well as in other ovarian cancer epidemiological studies (7) (8) (9) , but not in all (10, 11) . Specific putative nutritional risk factors have been identified (12) , in particular, animal fat intake. An international ecological study reported a positive correlation between the consumption of animal fat and mortality from ovarian cancer (13) . Analytical studies evaluating diet as a risk factor for ovarian cancer have yielded contradictory results; whereas some failed to find an association (14, 15) , others found that an increased intake of animal fats were associated with an increased ovarian cancer risk (16) (17) (18) (19) (20) . A meta-analysis of 6689 subjects from 8 observational studies that separately analyzed total fat, saturated and unsaturated fat, and animal fat, found that a high vs. low animal fat diet was associated with a raised relative risk (1.7) for ovarian cancer (21) . Recently, a pooled analysis of 12 cohort studies of dietary fat and ovarian cancer reported a positive association for animal fat at the highest level of intake (with relative risk in fourth quartile 1.15; 95% CI 0.99-1.33) and ovarian cancer risk (22) .
During adult life, people may dramatically change their dietary habits for reasons unrelated to the illness under investigation. These reasons include increased health consciousness, onset of chronic illness other than ovarian cancer, and importantly, in Israel, immigration. There are good reasons to believe that dietary changes during adult life may modify cancer risk, although this effect has only rarely been investigated. Studies show repeatedly that migrant populations who experience changes in lifestyle also experience changes in the incidence of cancer, compared with populations in their country of origin (23) (24) (25) . Similar evidence from analytical studies are more difficult to find because most dietary assessments are limited to more recent intakes, such as those of the previous year. This is due, perhaps, to the difficulty of recording long-term diets and dietary changes over time.
We therefore developed a special methodology for casecontrol studies that records diet in the recent past (usually 1 y before interview), and all conscious changes that occurred before that time to 20 y back (26) . In this study, we used this methodology to evaluate the role of past diet and dietary changes during adult life on ovarian cancer risk. Our hypothesis is that a diet higher in animal fat may promote the ovarian carcinogenesis process, so that reducing animal fat intake during a woman's adult life could inhibit this process and thus delay or prevent ovarian cancer.
Materials and Methods
Population. Nutritional data were collected for 631 consecutive incident cases of invasive epithelial ovarian cancer in Jewish Israeli women and 1174 matched controls. For most cases, 2 individually matched population controls were included, but for 81 of the cases, only 1 matched control was found. This sample was part of a larger comprehensive nationwide multidisciplinary case-control study conducted between 1994 and 1999 in Israel, which included 1707 cases and 3567 matched controls. Our sample comprises those cases entered during the years 1994-1996. In the remaining period, for reasons of cost, nutritional data were not collected. Continuous identification of all newly diagnosed ovarian cancer patients in Israel was conducted during the study period in all gynecological departments throughout the country. The population controls were individually matched to each case by age (62 y), origin, place of residence, and period of immigration, and were randomly selected from the Israel National Population Registry ( Table 1) . Matching for origin and place of residence in Israel was useful in adjusting indirectly for socioeconomic status.
Among the cases in this nationwide study, 71.8% had invasive ovarian tumors of epithelial origin. Our analyses were restricted to tumors of this type. Response rates were 84.5% for cases and 67.6% for controls; 6.9% of cases and 17.8% of controls refused to be interviewed and 11.7% of controls were not traced. Other reasons for no response included being too ill to be interviewed or being deceased (8.6% for cases and 2.9% for controls). One hundred twenty-eight controls were excluded after the interview because they reported having had a bilateral oophorectomy and were therefore no longer at risk for developing ovarian cancer.
Our institution's Ethics Committee approved the study. Each subject gave written informed consent to participate. Multilingual, specially trained study interviewers conducted personal interviews. Cases were interviewed at the hospital, whereas controls were interviewed at home. Regular monthly monitoring of the interviewers' work was performed. In addition to information about nutrition, we also collected information concerning demographic variables, physical activity, reproductive history, endogenous and exogenous hormonal exposures, family history of cancer, past gynecological morbidity, drug use, radiation exposures, talc use, and other occupational chemical exposures.
Dietary methods. The nutritional questionnaire was a 2-step quantified food frequency questionnaire (26) that we used previously in several other large case-control studies (27) (28) (29) (30) (31) . This questionnaire provided the structure for recording a person's diet 1 y prior to the interview and changes in diet that were made as far back as 20 y before the interview. It included .180 food items, including traditional foods and alcoholic beverages, consumed by different ethnic groups in Israel. Respondents were asked to describe, for each food item, the frequency (daily, number of times/wk or mo, or never) and number of portions consumed per day as well as portion size. Natural units, standard units of packaging, and individual portion sizes, determined by life-sized color photographs, were used to quantify portion size. Reported food consumption was converted into mean daily amounts using a custom-built comprehensive computer program that contained information on food composition from international and local sources. Length of season was taken into consideration when calculating the mean daily consumption of seasonal fruits and vegetables.
The questionnaire was administered by an interviewer. First, respondents were asked a set of general introductory questions about any dietary changes that they had made during their adult life for reasons unrelated to ovarian cancer. Following this general overview, they were asked about their diet, item by item. First, they were asked about their recent consumption, that is, during the year prior to the interview (step 1). In addition, for each food item, the respondents were asked whether a change in habitual intake of that item had occurred during the last 20 y. If the answer was yes, the interviewer recorded the time (in years) since the change occurred, as well as the frequency and amount of consumption before the change (step 2).
This method of interview enabled reconstruction of the past dietary intake for each individual. For example, to construct an individual's diet 5 y prior to the interview, we used the present intake for all items except those reported to have changed within the 5 y previous to the interview. For the latter, we substituted the intake reported before the change. The same process was applied for 2 y, 7 y, and 20 y prior to the interview. To avoid including changes in dietary habits made in response to early symptoms of ovarian cancer, we did not analyze the ''recent'' (i.e., 1 y prior to the interview) dietary intake, but instead used the reconstructed intake 2 y prior to interview as our most recent one. This process allowed for an evaluation of past dietary intake as well as a description of the amounts and types of dietary changes that were made for reasons thought to be unrelated to ovarian cancer. The association of changes over time with ovarian cancer risk could then be assessed.
A detailed evaluation of our questionnaire has been published (26) . Furthermore, the reliability of our interview method has been evaluated in previous epidemiological studies by reinterviewing subsamples of the population and has been found to be high. In our first case-control study using the same method, only 3 of 243 items included in the questionnaire had a reliability of ,70% (27, 28) . Similar results were found in subsequent studies using the same methodology for assessing past and recent intakes (29, 31) .
Statistical methods. Univariate analyses were first conducted comparing the intakes of cases and controls at 4 different time points (2 y, 5 y, 7 y, and 20 y previous to the interview). The differences were tested using univariate conditional logistic regression, with the matched sets as the stratifying variable. Because the results of these analyses (see Table 2 ) appeared strongly related to differences in energy intake, we also compared nutrient density intakes (energy intake of a specified nutrient expressed as a percentage of total energy) among cases and controls and their changes over the 4 time points mentioned above. (Results for 2 y and 7 y previous to interview are presented in Table 3 ).
Multivariate conditional logistic regression was used to estimate odds ratios (OR) and their 95% confidence limits. All of the statistical models used to estimate OR included the following confounding variables: total energy intake (kcal; 1 kcal ¼ 4.184 kJ), oral contraceptive use ($1 y vs. ,1 y of use), and number of births (1, 2, 3, or $4 births vs. nulliparous, entered as 4 dummy variables). We used energy-adjusted models because absolute amounts of nutrient intake might not be reported reliably on food frequency questionnaires (32) .
The nonnutritional covariates were included in the model on the basis of previously established knowledge of the environmental risk factors for ovarian cancer. Thus, parity and oral contraceptive use were included as the most firmly established risk factors. Total energy intake was included in the model according to usual practice in nutritional epidemiology.
BMI was recorded in only 1566 of the 1805 women in the analysis. We therefore analyzed the data in 2 ways: for the 1566 women with BMI, we ran the models with BMI included as a covariate; for the total of 1805 women, we ran the models without BMI included as a covariate. The results for the nutritional variables were similar for both sets of analyses. We therefore chose to present the results for the analysis of the total group, without BMI as a covariate, because the extra numbers provide greater precision for the estimated OR.
Macronutrient intakes were entered as continuous variables into the models, and OR were expressed per 100 kcal of intake. This model is referred to in the literature as the ''standard model'' (33) . The main reason for modeling continuous variables rather than quartiles of intake, for example, was because of our interest in associations with dietary change. Transformation of intakes into categories would complicate the interpretation of the statistical models that included dietary change.
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In each analysis, total energy and 5 macronutrients were included, namely, carbohydrate, animal fat, nonanimal fat, animal protein, and nonanimal protein. However because the sum of intakes of these 5 macronutrients equals the total energy intake, they could not be entered simultaneously with total energy into a multivariate model; doing so would cause multicolinearity and would lead to unstable OR estimates. We therefore chose to omit animal fat.
The omission of animal fat from the model results in the interpretation that each macronutrient regression coefficient represents the effect of substituting that macronutrient for animal fat in the diet while maintaining the same total energy intake. This follows from the general rule in multiple regressions that a coefficient represents the effect on the outcome of changing the corresponding variable by 1 unit while keeping all other variables constant. We therefore considered the effect of changing the intake of a given macronutrient while maintaining the same total energy intake and the intake of all the other macronutrients included in the model. The only way to achieve this was to simultaneously reduce, by the same amount, the macronutrient omitted from the model, namely, animal fat.
Models were first run separately for the 4 different time points (2 y, 5 y, 7 y, and 20 y previous to the interview). The results of the joint model, including all 4 time points, indicated that the 5-y and the 20-y time points did not add to the risk model after including the 2-y and 7-y time points. Therefore, results were presented just for the model with 2-y and 7-y time points (see Table 4 ). Restriction to these 2 time points also simplifies the understanding of the results. Because we were primarily interested in the effect of change in the diet, we also reparameterized the model so as to analyze the change in intake between the 2-y and 7-y time periods, adjusted for intake at 7 y (results will be presented in Table 5 ).
The results of all analyses were checked for influence of outliers by omitting those from the analyses reporting either a ,800 kcal/d intake, a .3000 kcal/d intake, a percentage of energy from carbohydrates outside the interval of 30-65%, or the percentage of energy from protein outside the interval of 10-30% at time points relevant to the particular analysis. The results were found to be robust to such outliers (with 1 exception given in the Results section), and our results represented the total group, that is, we did not exclude the outliers.
Upon obtaining results indicating that a change in intake of animal fats was the main nutrient factor associated with ovarian cancer risk, we analyzed dietary intakes according to 24 food groups, concentrating on the groups that were the main sources of animal fat. Relative risks for change in food group intake were estimated using multivariate conditional logistic regression models similar to those used for the nutrient analyses.
Results
Approximately 60% of the participants were born in Europe or America, and only ;25% were ,50 y of age ( Table 1) . Oral contraceptives were used by ;20% of the control women. Only 6% of the control women were nulliparous. Among the cases, the main tumor histology was of the serous type.
The means and SD of intakes of various macronutrients were determined for cases and controls according to dietary intakes reconstructed at 2 y (i.e., recent), 5 y, 7 y, and 20 y previous to the interview ( Table 2) . For 97 participants ,40 y of age at interview (34 cases and 63 controls), the ''20-y previous'' diet actually refers to their reported diet at age 20 y. Reported mean intakes of energy, protein, fat, and carbohydrates were all substantially higher among cases than controls in the 2 periods closest to the interview, but differed less in the 2 earlier periods. We also analyzed the change in intake over the period prior to interview in the 2 groups. Cases reported reducing their mean energy intake by 143 kcal (195421811) compared with 253 kcal in the controls during the period from 20 y to 2 y previous to the interview; during the period from 7 y to 2 y previous to the interview, the mean reported reductions were 55 kcal in cases and 136 kcal in controls.
Because the differences in nutrient intakes (Table 2) were at least partially confounded with the differences in reported energy intake of the cases and controls, we conducted all further analyses using some form of energy adjustment.
One simple ad hoc way of examining patterns adjusted for total energy intake is to consider each nutrient intake as a percentage of energy intake (nutrient densities). Animal fat densities decreased over time, whereas carbohydrate and nonanimal protein densities increased (Table 3) . However, case subjects reported reducing animal fat density less often than controls. The mean percentage of energy intakes from animal fat at 7 y and 2 y previous to the interview was 19.9 and 18.6%, respectively among cases, and 20.0 and 18.1% among controls. Thus, over the 5-y period, the reported mean percentage of animal fat intake decreased by 1.3 in cases and by 1.9% in controls (univariate conditional logistic regression test for difference, P ¼ 0.003). Also, the percentage of animal protein increased in controls, but was stable in cases (test for difference, P ¼ 0.006, Table 3 ). Of particular note is the fact that the percentage of animal fat and animal protein did not differ between cases and controls at the individual time points, but their changes over time did (Table 3) . A more comprehensive approach was performed using a multivariate analysis of energy-adjusted macronutrients at 2 y and 7 y previous to the interview (see Table  4 ). Animal fat was omitted from the model as described earlier.
The interpretation of the OR for the remaining nutrients had the effect of substituting a given number (here, 100) of kcal from the nutrient for the same number of calories from animal fat. For 2 y previous to the interview, substitution of nonanimal fat for animal fat was associated marginally with a lower risk of ovarian cancer, whereas at 7 y previous to the interview there appeared to be no association ( Table 4 ). Note that these analyses were adjusted for energy intake (through inclusion of energy intake in the model), parity, and oral contraceptive use. The data suggest that change in dietary intake may be associated with ovarian cancer risk (see Table 2 and especially  Table 3 ). We investigate this more directly and present a multivariate analysis of the change in intake adjusted for the baseline values (7 y previous to the interview) of several macronutrients over the 5-y period (from 7 y to 2 y previous to the interview; see Table 5 ). For intake changes between 7 y and 2 y previous to interview, the OR compared the ovarian cancer risk of 2 women who were similar in all respects except that one increased her intake of the nutrient (e.g., carbohydrate) by 100 kcal and reduced her intake of animal fat by 100 kcal over this period, whereas the other made no such changes. The results showed that increasing the levels of nonanimal fat for animal fat over the 5-y period was associated with a lower risk of ovarian cancer. There was also a suggestion that increasing carbohydrate and animal protein for animal fat may be similarly associated with a lower risk of ovarian cancer.
Having identified animal fats as the main ''dietary-change'' factor associated with ovarian cancer risk, we investigated which of the food groups might be involved. The major sources of animal fat in the study population were: dairy products, 37%; chicken or turkey, 21%; fish, 12%; beef, 7%; eggs, 7%; traditional food fats, 5%, and butter or margarine, 5%. A higher risk for ovarian cancer was found when 100 kcal of animal fat from eggs [OR 2.4, CI (1.1, 5.0)] or from chicken and turkey [OR 1.6, CI (1.0, 2.6)], were substituted for 100 kcal from nutrients that were not animal fat. Other sources of animal fat also estimated OR .1, but were not significant (P . 0.1) (dairy products, fish, beef, and butter/margarine).
To investigate how the substitution of animal protein for animal fat could be protective, we investigated the intake of the main source of animal fat, dairy products. Our data showed that the percentage of energy from animal fat in dairy products consumed by controls decreased from 47 to 43% over a period of 7 to 2 y from diagnosis, whereas, among cases, it decreased from 47 to 45%. In other words, the controls switched from higher fat to lower fat dairy products more often than the cases during this time period. The difference, though small, was significant (Z ¼ 3.81, P , 0.001).
In sensitivity analyses excluding outliers (described in the Statistical Methods section), all foregoing associations did not change (Table 5 ), but the associations from substituting carbohydrate and animal protein for animal fat were not significant. However, substitution of nonanimal fat for animal fat remained associated with a lower risk of ovarian cancer (P , 0.05). 
Discussion
Although previous studies (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) have examined associations between dietary intake and ovarian cancer risk, to our knowledge, associations with changes in dietary intake have not previously been reported. In this study, we found that recent dietary habits were only marginally associated with ovarian cancer risk, and that the association of past dietary habits were even weaker. However, our evaluation of the association of changes in diet with disease indicated that increasing the substitution of nonanimal fat (and possibly carbohydrate and animal protein) for animal fat over a relatively short-term period (,7 y) was clearly associated with a decreased risk of ovarian cancer. We examined which food groups might be implicated in this substitution effect, and, although no one food group could be identified, we found stronger contributions from eggs and poultry. We examined how the substitution of animal proteins for animal fats could have a protective effect, and found that this effect might be explained by the fact that more women among the controls substituted low animal fat dairy products for high fat ones.
Dietary change in adult life is more often the rule than the exception. In a stratified random sample of the healthy adult Israeli population, we evaluated the prevalence of dietary change and showed that 68% of the population reported having changed the frequency of intake of at least 1 food item within the last 20 y, and that 38% reported changing .10 items. These reported changes tended to begin at the age of 40 y and increased with age. Among women, the mean change in energy intake from past to recent was 365 kcal (26), a little more than the mean reduction of 250 kcal reported by the controls in this ovarian cancer study. Trends toward a decrease in animal fat intake during adulthood have been reported in various European populations, with the effect especially marked among women (34) (35) (36) .
Using the same dietary assessment method as in the European study, we found that disease associations differ according to whether one analyzes a ''recent'' diet or a diet 10 y previous to the interview in separate studies of the role of nutrition in stomach, colon, and breast cancer etiology (27) (28) (29) (30) (31) . Past diet was generally more strongly associated with disease than recent diet. However, this is the first study in which we have explicitly evaluated dietary change as a risk factor.
Limitations inherent in the present study include a possible recall bias in past diets that may possibly be more marked when recalling changes over the long term. It is therefore important that our hypothesis be re-examined using data from large cohort studies where dietary change has been recorded. Another limitation in our analysis is the possibility of residual confounding with reported energy intake, which is itself strongly associated with disease in this study. The findings from the OPEN study by Subar et al. (32) suggest that such residual confounding could have an important effect; but it is unclear how far these results can be applied to a population who completed a rather different dietary questionnaire designed to assess not only recent but past dietary habits. Thus, residual confounding with energy cannot be demonstrated to be present nor can it be ruled out as an explanation of our results.
The strength of this study includes its large size, its use of population controls, the nationwide recruitment policy, the use of well-trained interviewers, the careful monitoring of their performance, and the use of questionnaires where the reliability of reported past and recent dietary habits was evaluated and found to be high (27, 29, 31) . Moreover, our results are consistent with those of other epidemiological studies implicating animal fat as a dietary factor associated with ovarian cancer (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) .
A possible advantage of studying dietary change, which deserves further exploration, is that changes in diet may be subject to less measurement error than absolute levels of dietary intake. Indeed this is one possible explanation for our finding of strong associations between dietary change and ovarian cancer and only weak associations with recent intakes.
We conclude that the consumption of animal fat in adult life is associated with an increased risk of ovarian cancer. In particular, our analysis suggests that ovarian cancer risk might be reduced by substituting energy from animal fat with fat from nonanimal sources or possibly carbohydrates and animal proteins. Our results, however, need to be confirmed in other epidemiological studies, particularly in prospective cohorts. 1 Adjusted for total energy intake at 7 y, total energy change 2-7 y, oral contraceptive use, parity, and intake of each macronutrient at 7 y before interview. 2 1 kcal ¼ 4.184 kJ. 3 Excluding outliers. 4 Change in intake between 7 y and 2 y before interview.
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